he remarkable decline in heart disease observed in developed countries over the past 40 years appears to have abated. Currently, many patients with heart disease continue to have cardiac events despite the optimal treatment of traditional risk factors, 1,2 suggesting that additional interventions, particularly those aimed at non-traditional risk factors, might be required.
he remarkable decline in heart disease observed in developed countries over the past 40 years appears to have abated. Currently, many patients with heart disease continue to have cardiac events despite the optimal treatment of traditional risk factors, 1, 2 suggesting that additional interventions, particularly those aimed at non-traditional risk factors, might be required.
Psychosocial stress is a non-traditional risk factor for heart disease and drawing attention in recent years. Extensive empirical data support the hypothesis that perceived psychosocial stress is associated with heart disease. [3] [4] [5] [6] [7] [8] Stress increases the incidence of coronary artery disease 9, 10 and is positively associated with the risk of death from cardiovascular disease. 11 Although several mechanisms have been proposed to explain the role of stress in heart disease, the conditions of heart disease following perceived stress have not been explored.
Previous studies identified B-type natriuretic peptide (BNP) as a useful clinical predictor of heart disease. 12, 13 BNP is a neurohormone secreted from the myocardium in response to changes in intracardiac volume and pressure, 14 and several population studies have investigated the association between plasma BNP concentrations and risk factors for heart disease. Plasma BNP concentrations were positively associated with systolic blood pressure (SBP), pulse pressure, and age, 15 urinary salt excretion, electrocardiogram (ECG) abnormalities, and female gender, 16 and serum creatinine concentrations. 17 In contrast, plasma BNP concentrations were negatively associated with blood hemoglobin (Hb) 16 and body mass index (BMI). 18 Diabetes and smoking were not related to abnormally high plasma BNP concentrations. 17 However, no study has explored the association between perceived stress and plasma BNP concentrations. Understanding of this association will aid in the consideration of heart disease following perceived stress.
Thus, we conducted a cross-sectional study to explore the association between perceived stress and plasma BNP concentrations, while controlling traditional risk factors, in a rural Japanese community.
the required data for analysis. Therefore, we included 806 participants [360 men and 446 women; 62.5±10.1 years old, mean ± standard deviation (SD)] in the statistical analyses. All participants were able to walk unassisted, and their estimated activities of daily living exceeded 4 metabolic equivalents.
This study protocol was approved by the ethics committee of the Akita University Faculty of Medicine, and all participants provided written informed consent.
Measuring Clinical Variables
All participants underwent routine anthropometric and blood pressure measurements, an ECG, and a laboratory assessment of cardiovascular risk factors, including plasma BNP concentrations. All measurements were completed between September and October 2006.
SBP and diastolic blood pressure (DBP) were determined using an automatic device placed on the arm of seated participants who had been resting in a seated position for at least 5 min. The BMI was calculated as weight (kg) divided by the square of the height (m 2 ). Smoking habits and medical histories, including the use of drugs prescribed for hypertension, diabetes, and heart disease, were assessed via a self-administered questionnaire.
ECG abnormalities included major and minor findings. Major ECG abnormalities consisted of abnormal Q-wave (Minnesota code 1.1-2), ST segment depression (4.1-2), T-wave inversion (5.1-2), complete or second degree atrioventricular block (6.1-2), complete left or right bundle branch block (7.1-2), frequent premature beats (8.1), ventricular tachycardia (8.2), atrial fibrillation or flutter (8.3), supraventricular tachycardia (8.4), and sinoatrial block (8.5) . Minor ECG abnormalities consisted of Q-wave borderline (1.3), ST depression borderline (4.3), T-wave moderate inversion (5.3), flat T-wave (5.3-5), first degree atrioventricular block (6.3), low voltage QRS wave (9.1), left or right axis deviation (2.1-2), high R-wave voltage (3.1-3), WPW syndrome (6.4), incomplete right bundle branch block (7.3), bradycardia (8.7), tachycardia (8.8) , and prolonged QT interval (9.7). Diabetes was ascertained through selfreporting or the presence of a fasting glucose concentration ≥126 mg/dl or HbA1c ≥6.5%. Smoking habits were classified into 2 categories: current smokers and other (non-smokers and past smokers). Age was categorized by decade (40-49, 50-59, 60-69, 70-79, and 80-89 years).
Plasma BNP Measurement
Venous blood samples were drawn from the antecubital vein into tubes containing ethylenediaminetetraacetic acid while the participants rested in a seated position. These tubes were stored immediately in an icebox and transported to the laboratory within 6 h of collection. After centrifugation at 1,500×g for 10 min, plasma was stored at -20°C before the BNP assay. A non-competitive immunoradiometric assay based on a 2-site sandwich antibody system (Shionogi, Tokyo, Japan) was used to quantify BNP concentrations.
Perceived Stress Measurement
Perceived stress was assessed via a self-administered questionnaire, which was completed at the same time as the health checkup. All participants chose 1 answer (extremely high, high, medium, or low) for the following question regarding awareness of perceived stress: "What is the level of stress in your daily life?" This is the same question used in the Japan Collaborative Cohort Study for the Evaluation of Cancer Risk sponsored by Monbusho (the JACC study), and perceived stress based on this item has been associated with mortality of all causes, cardiovascular disease, 11 and malignant tumors. 19 
Statistical Analysis
Men and women were analyzed separately, and the data are presented as the mean ± SD, median value, or percent prevalence. Spearman's correlation analysis or the chisquared test was used to assess the relationship between perceived stress and clinical variables. Given the asymmetrical frequency distribution for our BNP data (coefficient of skew 4.45, coefficient of kurtosis 30.90), the logarithmically transformed data (ln-BNP) were used for statistical analyses (coefficient of skew -0.08, coefficient of kurtosis -0.19). We determined the relationship between ln-BNP and clinical variables using one-way analysis of variance (ANOVA) for categorical variables or simple linear regression analysis for continuous variables. After adjusting for the effects of possible confounding factors, including age, BMI, SBP, DBP, history of heart disease, ECG abnormalities, the use of antihypertensive medicines, smoking habits, creatinine, and Hb, we examined the relationship between ln-BNP and perceived stress using multiple regression analysis. To further clarify the direction of the relationship between perceived stress and ln-BNP, we computed the Bonferroni correction for multiple tests. Similar to previous reports, diabetes was not associated with perceived stress or plasma BNP concentrations in men or women; therefore, we excluded diabetes as a factor from the regression analysis. We performed a sub-analysis that excluded individuals with known heart disease. We also analyzed the participants with heart disease. Because of the small number of female patients with heart disease, we could not analyze men and women separately. Thus, we analyzed men and women concurrently and adjusted the sex category beside the same factors used in the analysis that included participants without heart disease. SPSS (version 11.5; SPSS, Chicago, IL, USA) was used for all of the statistical analyses, and a significant difference was defined as P<0.05.
Results

Clinical Characteristics
Clinical characteristics are summarized in Table 1 . The respective percentages of patients reporting low, medium, high, and extremely high perceived stress were 11.1, 33.1, 46.9, and 8.9% in men and 7.4, 22.9, 53.6, and 16.1% in women. Compared to men, women were more likely to report a high level of perceived stress (Spearman's ρ=0.157, P<0.001 in Table 1 ).
The median plasma BNP concentration was 14.0 pg/ml (range: 1.9 to 296.0 pg/ml) in men, and 19.2 pg/ml (range: 2.4 to 186.0 pg/ml) in women. Table 1 shows the results of Spearman's correlation analysis or the chi-squared test for the relationship between perceived stress and clinical variables. Age class and median plasma BNP were associated with perceived stress in both men and women. Smoking habits were associated with perceived stress only in men. The other clinical variables in Table 1 were not associated with perceived stress. Table 2 presents the results of our gender-specific oneway ANOVA or simple linear regression analysis for the relationship between ln-BNP and clinical variables. Significant relationships were observed between ln-BNP and perceived stress, age class, SBP, Hb, history of heart disease, and ECG abnormalities in both genders. BMI was a significant factor only in men. DBP, the use of antihypertensive medicines, smoking habits, and creatinine were not associated with ln-BNP in men or women. Diabetes was not associated with ln-BNP in men (F=0.460 and P=0.831) or women (F=0.007 and P=0.932; data not shown). Table 3 presents the results of our gender-specific multiple regression analysis. Perceived stress was associated with ln-BNP, even after adjusting for possible confounding factors, although this was evident only in women. Age class and history of heart disease were significantly associated with ln-BNP in both genders. SBP and Hb were associated with ln-BNP only in women. BMI, DBP, ECG abnormalities, the use of antihypertensive medicines, and smoking habits were not associated with ln-BNP in men or women.
Association Between Perceived Stress and Ln-BNP
Multiple-testing using Bonferroni's procedure showed that ln-BNP decreased with the level of perceived stress in both men and women (Figure) . Compared to men with an extremely high level of perceived stress, men with low stress had higher ln-BNP concentrations. Compared to women who reported an extremely high level of perceived stress, women with low, medium, or high levels of perceived stress had higher ln-BNP concentrations. Table 4 presents the estimated marginal mean values of ln-BNP and standard errors given by multiple tests, according to the existence of heart disease. In participants without heart disease, both men and women with low, medium, and high levels of perceived stress had higher ln-BNP concentrations than those with an extremely high level of perceived stress. The same trend was observed in participants with heart disease. The estimated marginal mean values of ln-BNP in participants with heart disease were higher than those without heart disease.
Discussion
Main Findings
In the present study, we observed that plasma BNP concentrations of the community sample decreased with the Estimated marginal mean value and 95% confidence intervals for plasma B-type natriuretic peptide (BNP) concentrations in men and women. We compared ln-BNP concentrations among each level of perceived stress using Bonferroni's correction for multiple tests, with adjustment for age class, body mass index, systolic blood pressure, diastolic blood pressure, history of heart disease, electrocardiogram abnormalities, the use of antihypertensive medicines, smoking habit, creatinine, and hemoglobin as confounding factors.
level of perceived stress in both men and women, significantly. Particularly in women, this relationship remained after being adjusted by traditional heart disease risk factors, including age class, BMI, SBP, DBP, history of heart disease, ECG abnormalities, the use of antihypertensive medicines, smoking habits, creatinine, and Hb. A similar trend was observed in the stratified analyses according to the history of heart disease.
To the best of our knowledge, this is the first study to provide cross-sectional data on the relationship between perceived stress and plasma BNP concentrations in a community-based sample.
Relationship Between Plasma BNP Concentrations and Perceived Stress
Plasma BNP concentration is a well-known clinical predictor of patients with congestive heart failure (CHF). 20, 21 Because BNP has cardioprotective effects, [22] [23] [24] [25] the increase of the plasma BNP concentrations in patients with CHF can be interpreted as compensation. Regarding the relationship between mental stress and heart disease, several mechanisms have been proposed, including sympathetic activation, 6 vascular endothelial cell damage, 26 inflammatory processes, 14 and platelet activation, 27 which contribute to the increased risk of heart disease. Accounting for the relationship between mental stress and heart disease in terms of our results, one possible explanation is that low plasma BNP concentrations in participants with high levels of stress might be insufficient to compensate for adverse effects on cardiovascular systems, such as alterations in blood pressure, heart rate, and catecholamine concentrations, following perceived stress.
Although the causal relationship could not be ascertained in our study, a possible notion link emerged when interpreting these results. Perceived stress might reduce plasma BNP concentrations, similarly to obesity, which is also associated with low plasma BNP concentrations. 18, [28] [29] [30] [31] Patients who are obese have a greater risk of heart disease than those who are not. 29 Possible mechanisms of lower BNP concentrations in patients with obesity involve either the impaired synthesis or increased expression of the natriuretic clearance receptor. 18, 29, 30 We found no significant relationship between perceived stress and BMI in our study (Table 1) , and our multiple regression analysis in Table 3 also indicated that the relationship between perceived stress and BNP concentrations were independent of obesity.
Another controversial issue when interpreting the inverse relationship between perceived stress and BNP concentrations is the possible effects of BNP on cognitive function. Although BNP was first identified in the brain, its effects remain unclear. A recent study reported that BNP was correlated with cognitive dysfunction in older adults. 32 Therefore, we cannot exclude the possibility that increased BNP concentrations decrease perceived stress sensitivity.
Gender Differences in the Association Between Perceived Stress and Plasma BNP Concentrations
The relationship between perceived stress and low plasma BNP concentrations was more evident in women than in men. One possible explanation is that women tended to report a higher level of perceived stress than men (Table 1) , as observed in previous reports. 11, 33 The tendency toward higher levels of reported stress in females than in males is possibly as a result of gender differences with respect to social roles, skills in relation to stress coping, and stress thresholds. In addition, BNP concentrations appear to be related to estrogen status; female subjects with hormone replacement therapy showed higher concentrations of BNP than those without hormone replacement therapy, 34 and estrogen supplementation prevents emotional stress-induced cardiovascular responses. 35 In our study, only 122 (27.4%) females younger than 55 years old were included, so most of our participants were likely post menopausal. In addition, among the females who were less than 55 years old, we observed a similar trend between plasma BNP concentrations and extremely high, high, and medium levels of perceived stress. Because only 3 cases reported a low level of perceived stress, we could not evaluate their mean values of plasma BNP concentrations (data not shown). Because we did not measure estrogen levels and the use of hormone replacement therapy, we were unable to adjust for this variable. However, we observed a similar relationship between perceived stress and low plasma BNP concentrations in men, indicating that this gender difference is not wholly attributable to estrogen-related effects. Number of case (men) 8 (7) 14 (5) 31 (14) 4 ( Relationships Between Perceived Stress and Age, Gender, and Clinical Variables Similar to a previous report, older participants tented to report a low level of perceived stress, which is possibly because of the following reasons: changes in social roles, improved skills in relation to stress coping, lowering of stress thresholds, and survival effects. 11 As shown in Table 1 , women were more likely to report a higher level of perceived stress than men, which is also consistent with previous reports. 11, 33 These results support the validity of the measurement of perceived stress.
Although hypertension has been reported to be correlated with perceived stress, 7, 11 we observed no significant association between perceived stress and SBP or DBP. Our results suggest that blood pressure, at least at the time of the annual health checkup, was not associated with perceived stress. Smoking habits were not associated with perceived stress in women, although the small number of smokers might have lowered the statistical power of our analysis.
Relationship Between Plasma BNP Concentrations and Clinical Variables Other Than Perceived Stress
The relationship between plasma BNP concentrations and gender, 16, 17, 34, 36 and clinical variables such as age class, SBP, history of heart disease, ECG abnormalities, Hb, and BMI were also consistent with previous reports. [15] [16] [17] In agreement with these previous reports, we did not observe a relationship between plasma BNP concentrations and diabetes or smoking habits. These results supported the validity of the measurement of plasma BNP concentrations. As shown in Table 2 , serum creatinine concentrations were not associated with plasma BNP in our study, which might reflect the small number of participants with abnormally high serum creatinine concentrations (only 8 men showed creatinine concentrations >1.2 mg/dl).
Clinical Implications
Although our results are not directly applicable to clinical settings, our findings do suggest that plasma BNP concentrations of patients who have a high level of perceived stress might underestimate the severity of their heart function, and relatively low plasma BNP concentrations with a high level of perceived stress could be a risk for developing heart disease both in normal participants and outpatients. A prospective study is required to ascertain the causal mechanism of this relationship between perceived stress and plasma BNP concentrations.
Study Limitations
Our study has some limitations. First, perceived stress was assessed based on the response to a single question, which was also used in the JACC study. 11, 19 Using data from the JACC study, Iso et al reported that perceived stress based on this item was positively correlated with anger, feeling hurried, and feeling unfulfilled in both sexes. 11 Although these findings help to validate this item as a measurement of perceived stress, stress is clearly a complex condition; therefore, more sophisticated methods to assess perceived stress are required to confirm our findings. Second, data from the participants who had dropped out of the study were unavailable, and we could not examine their characteristics in relation to our final sample. Third, the use of selfadministered questionnaires might have created a selection bias, in that the respondents might not have been representative of the whole population. In addition, we only examined 1 community, making it difficult generalize our results.
Conclusions
This population-based study showed that perceived stress is associated with low plasma BNP concentrations, independently of traditional risk factors. Although the mechanisms are unclear, our findings suggest that we need to consider the clinical assessment of plasma BNP concentrations carefully.
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